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FUTURE EXPANSION Due to the nature of the design for the terminal system, future expansion can be handled quite easily. As discussed earlier, future expansion is one of the major points considered in the original operating concept and design. The 8/I, of course, is conveniently set up to handle various hardware input-output devices through its accumulator bus. Secondly, great efforts were made to design the controlling executive to handle modular expansion of the software for support of additional hardware devices or input-output capabilities. New input-output devices may be added by simply inserting the proper input-output routines and their associated linkages in the interrupt processing subroutine. Since most devices will probably look something like a teletypewriter or the CCI display terminal, it is conceivable that many of the existing routines can be used for any new major processing. Only those routines that require input-output to be a specific device selector will need to be added.
Part of the original design concept in maintaining a flexible capability was to provide a compatibility with other computer systems. The only characters that have special meaning to TSS are @, CTL, C CTL BELL, i-, and the percent sign (%). Changing these to the corresponding characters in another time-sharing system should be relatively easy. Thus it would be a straight-forward procedure to connect the 8/I and, hence, any of the 8/I's input-output devices to include the TV display generator to any time-sharing system. In effect, the terminal system is acting as a general purpose buffer. This theory will be tested in the near future when the U. S. Military Academy acquires a GE-635 time-sharing system. At that time, it will be necessary for the 8/I to communicate with both the present USMA TSS and the GE-635 time-sharing system, as both systems will be operational during a changeover period.
To allow for even further flexibility in the future, the necessary hardware interface for high-speed data lines to the new GE-635 timesharing system would be extremely convenient. High-speed lines, however, would necessitate modifying the timing of the software in the interrupt scheme to allow for faster transfer.
CONCLUSION
The integration of computer output into the television distribution system has proved to be an extremely flexible and inexpensive means of placing a computer terminal in the general purpose classroom or auditorium. The terminal system as designed and implemented has proved to be an effective means of supporting the instructor for in-class teaching. It has, furthermore, added much to the West Point TSS input-output capability.
Software implementation of the multi-input-multi-output terminal system on the 8/I proved to be quite straightforward. This was due to the small, but quite flexible, order code and to the varied capabilities of the 8/I itself. It was found, however, that at times it certainly would have helped to have a hardware priority interrupt. The lack of priority interrupt necessitated much decision making as to which devices had to be processed first, and which ones could have been delayed for a short period of time. The D-30, for instance, must be processed immediately since it is communicating with the speed of the central processor. Teletypewriters could be held off for a short period of time, since there is only human interaction. It is not likely that a user at a terminal can respond to output from the 8/I as fast as another computer in a straight two-way conversation. Thus, it would have been convenient to allow for a priority interrupt to select which device to process first, depending on its assigned priority and the speed with which the interactive communication could take place.
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A Pitfall in the Scalar Electromagnetic
Formulation of Kirchhoff Theory JAMES R. WAIT, FELLOW, IEEE Abstract-A difficulty in applying scalar Kirchhoff diffraction theory to the individual components of the vector electromagnetic field is pointed out. For example, the method, if applied incorrectly, does not account for the cross-polarized radiation from a circumferential slot on a cylindrical structure.
In applying diffraction theory to optics, a scalar formulation of the electromagnetic field is often used. At first glance, this seems attractive when compared to the complexity of the sophisticated vector formulations. The usual argument, in the scalar treatment, goes something as follows.
We consider a source-free homogeneous region V bounded by a closed surface S. In V, the electric field E is a solution of (V2+k2)E=0
(1) where the Laplacian V2 operates on the rectangular components of E, where k is the appropriate wave number, and where the implied time factor is exp (jcot). The next step is to choose a scalar Green's function G that is a solution of (VI + ki)G = -(r-r')
where the right-hand side is the three-dimensional Dirac function being singular when the radius vector r is coincident with the (primed) radius vector r'. We now note that a rectangular component
Et of E satisfies V-(EiVG -GVEi) = EVG -GViEi = -Ei(r')6(r -r').
Integrating over the volume V, we get
where S is the surface enclosing V and n is the (inward-directed) normal derivative. Writing (4) in vector form, we obtain
by a simple interchange of the position vectors r and r' so that now the primed coordinate refers to a point on the surface S, while the unprimed r is the location of the field point within S. Equation (5) is usually considered to be a complete prescription for determining the vector electromagnetic field within V for a specified E and aE/an' on the boundary of the region. Thus, Born and Wolf [1I state that "to obtain a complete description of the field (the scalar Kirchhoff) theory must be applied separately to each of the Cartesian components." While this statement is formally correct, there is a basic difficulty in applying (5) to radiation. Or, at least, the formula can be very easily misused. An example is given below.
We imagine S to be the surface of a cylindrical structure and a concentric surface of infinitely large radius. Then, if the Green's function is chosen such that G =0 on S, we can apply (5) directly to obtain an explicit expression for the axial or z component of the field 
SHORT PAPERS AND CLASSROOM NOTES
For example, if the source region is a narrow circumferential slot then the integration in (6) need only extend over the area of the slot, provided the surface is otherwise perfectly conducting. It may be confirmed [2] that (6) gives the correct result for E,(r) for cylindrical structures with circular, elliptical, and wedge shapes.
The next step in the field calculation would then be to use (6) for calculating the transverse components of E(r). In the case of the slotted circular cylinder, one might argue that The system sensitivity is an important measure of the quality of the system as it gives a measure of the degree of invariance of the overall system transmittance to variations in parameter values. The sensitivity of the transmittance T with respect to the parameter k is defined as [II
JJ lot on (7) If the transverse component of the tangential electric field in the slot were zero, (7) would predict that the radiated E,(r) were identically zero. However, this statement is in violent conflict with the boundary-value treatment using modal analysis. The fallacy in the argument leading to (7) is that E,(r) does not satisfy the scalar Helmholtz equation. It is important to realize that (1) only applies when (V2+ki) operates on the Cartesian components of E. Thus, if the Kirchhoff formula (5) were to be used for the slottedcylinder problem, we need to specify E, and Ey (and, thus, Er) over the whole surface of the cylinder. This information normally would not be available unless we had already solved the problem! The simple example given above points up the necessity of requiring that, in the vector electromagnetic formulation of the Kirchhoff theory, we insist that the fields satisfy Maxwell's equations. In other words, a blind application of (5) will not predict the crosspolarized components of the radiated field. In acoustics, this problem does not arise and, even in many applications to optics, the depolarization effect can be neglected. Nevertheless, it is important to realize the limitation imposed by simple generalization of scalar theory to a vector theory. Of course, all such difficulties can be avoided if we work with the general vector formulations for radiation from aper- 
where toi =leakage transmittance between the source and the sink Fk=return difference with respect to k. Instead of evaluating SkT using (1) by direct differentiation of T, use of (2) is simpler as Fk can be written down by inspection.
Equation (2) is true only if the parameter k, with respect to which Fk and SkT are being evaluated, appears in the first power as the branch transmittance.
MULTILOOP SYSTEMS Consider a typical signal flow diagram of a system in which the parameter k appears as transmittance in more than one branch (see Fig. 1 ).
The return difference with respect to the parameter k can be written down for each loop (FkL,). The overall effective return differ- From (3) and (5), it can be generalized that for a multiloop system shown in Fig. 2 containing p loops involving k, q loops involving k2, r loops involving k3, etc., the overall return difference is given by (1 -ak)(I -t3k2)(1 -Xk3)
